Despite a consensus that psychosocial adversity plays a role in the onset of psychosis, the nature of this role in relation to persecutory paranoia remains unclear.
Abstract
Despite a consensus that psychosocial adversity plays a role in the onset of psychosis, the nature of this role in relation to persecutory paranoia remains unclear.
This study examined the complex relationship between perceived ethnic discrimination and paranoid ideation in individuals at Ultra High Risk (UHR) for psychosis using a virtual reality paradigm to objectively measure paranoia. Data from 64 UHR participants and 43 healthy volunteers were analysed to investigate the relationship between perceived ethnic discrimination and persecutory ideation in a virtual reality environment. Perceived ethnic discrimination was higher in young adults at UHR in comparison to healthy controls. A positive correlation was observed between perceived ethnic discrimination and paranoid persecutory ideation in the whole sample. Perceived ethnic discrimination was not a significant predictor of paranoid persecutory ideation in the VR environment. Elevated levels of perceived ethnic discrimination are present in individuals at UHR and are consistent with current biopsychosocial models in which psychosocial adversity plays a key role in the development of psychosis and attenuated symptomatology.
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Introduction
Previous studies have shown the importance of social discrimination in increasing the vulnerability to psychosis. Veling et al. (2007) identified a link between migrant status and psychosis, in particular for people immigrating from developing countries. However, they found that it was not necessarily due to the social factors of adjusting to another culture that created a vulnerability to psychosis; rather it was associated with the level of discrimination experienced in the host country. With respect to psychosis a prospective population study by Janssen et al. (2003) demonstrated that a chronic experience of discrimination may eventually lead to a paranoid attributional style and consequently increase the likelihood of psychotic-like experiences. They identified age, sex, appearance, sexual orientation and disabilities as significant discriminating factors associated with risk of paranoid delusions (Janssen, Hanssen, 2003) . Additional studies have demonstrated significant associations between perceived discrimination and psychosis in ethnic minority and immigrant groups, with the incidence of psychosis being higher when groups perceive more discrimination (Karlsen et al., 2005; Veling et al., 2007) . Furthermore, incidence rates of psychosis have been shown to be equal among first and secondgeneration immigrants, indicating that post immigration stressors are equally as important as pre-migration (Morgan and Hutchinson, 2009; Seeman, 2011) .
Perceived ethnic discrimination encompasses the subjective experience of differential treatment based on appearance, language, religious or socio-cultural characteristics (Brondolo et al. , 2005; Westhoff, 1993) . As it emphasises appraisal, perceived ethnic discrimination is not limited to "objective" discriminatory occurrences but may also include more subtle experiences that outside observers might not identify as discrimination (Clark et al., 1999) . Perceived ethnic discrimination has been found to be associated with a number of negative health outcomes for ethnic minorities and immigrant groups (Pascoe and Smart Richman, 2009 ). In a review of more than 47 studies, Williams and Mohammed (2009) found that increased levels of perceived racial discrimination were associated with poorer mental health outcomes. In terms of risk, perceived racial discrimination is associated with increased risk for any mental disorder (Berger and Sarnyai, 2015; Moomal et al. , 2009) . In recent years, the focus of research has shifted to the understanding of mechanisms of the relationship between perceived ethnic discrimination and psychological functioning. A recent study has suggested perceived discrimination is indirectly linked to psychiatric disorders via transdiagnostic factors (Rodriguez-Seijas et al. , 2015) . In particular, the concepts of social defeat (Selten and Cantor-Graae, 2005 ) and stress-vulnerability (Lataster et al. , 2013; Myin-Germeys et al. , 2005) highlight how individual difference variables may influence how people perceive, respond to, and are affected by discrimination.
Individuals presenting with sub-threshold clinical features, such as attenuated or brief intermittent psychotic symptoms, or a significant decline in global functioning in the presence of genetic risk factors, are clinically grouped under the term 'ultra-high risk (UHR)', although other terms such as 'clinical high risk (CHR)' or 'at-risk mental states (ARMS)' are also used interchangeably (Fusar-Poli et al. , 2013; Yung et al. , 2003) . Although the experience of different types of adversity in general can be a strong predictor of the development of psychosis, perceived ethnic discrimination is one type of adversity in particular that has not attracted a great deal of attention in the UHR group. To the best of our knowledge there is no published research examining the complex relationship between perceived ethnic discrimination and paranoid ideation, especially in individuals with UHR. This study seeks to assess these factors in a sample of individuals with UHR, compared to healthy control participants using a virtual reality paradigm to objectively measure paranoia. Paranoid or persecutory ideation is a core symptom of psychosis and the most common type of delusional belief recorded by individuals with psychosis (Garety et al., 1988) and it has been defined as "the unfounded fear that others intend to cause you [psychological, physical or social] harm" (Freeman and Garety 2000; Freeman et al., 2008) . Paranoid ideation is a also prevalent in 10-15% of the general population (Freeman 2007) , and can present as mild social evaluative concerns (i.e. interpersonal worries and anxieties) and mild ideas of social reference (i.e. people are laughing at me) all the way through to paranoid and delusional beliefs (i.e. the "paranoia hierarchy" ). We hypothesised that compared to controls, the UHR group will report higher levels of perceived ethnic discrimination and a positive correlation between higher levels of perceived ethnic discrimination and persecutory paranoid ideation measured via a virtual reality paradigm will be present in the whole sample and in the UHR group. Finally, we tested the hypothesis that the level of perceived ethnic discrimination would predict the severity of persecutory paranoid ideation induced by the VR environment.
Method

Participants
Sixty-four UHR participants over 18 years old were recruited via the Outreach and Support in South London Service (OASIS), a specialist service for young people at risk of psychosis . UHR participants were assessed by this service prior to participation in the research, using the Comprehensive Assessment of the At-Risk Mental State (CAARMS) assessment tool, which is based on the criteria developed by Yung and colleagues (1998) to operationally define a set of clinical features that precede a first psychotic episode (Phillips et al., 2000; Yung et al., 2003) . Previous studies indicate that around 36 per cent of these individuals deemed to be at risk using the above criteria would develop psychosis within three years (Cannon et al., 2008; Fusar-Poli et al., 2012; Yung et al., 2003) . Forty-three controls matched for demographic factors were recruited by advertisements in the local press and lived in the same area as the patients and selfreported no family or personal history of psychotic disorders. The Prodromal Questionnaire (PQ) (Loewy et al., 2005) was completed by all participants and used to screen healthy controls for possible prodromal symptoms.
An a priori power calculation was conducted to determine sample size. Therefore, a total sample size of 107 was sufficient for >80% power (p<0.05) to detect small to medium effects.
Virtual reality paradigm
The Virtual Reality (VR) environment (developed by the Department of Computer Science at University College London) used in this study to assess paranoid ideation was identical to that used in previous research (Fornells-Ambrojo et al. , 2008; Freeman, 2008; Valmaggia et al. , 2007) . The environment was designed to be perceived neutral by the majority of the general population and was a tube train ride modelled on the interior of a London Underground train carriage. It was displayed in colour via a lightweight headset; the display used was a Virtual
Research VR 1280 (Virtual Research Systems, Aptos, California), with a resolution of 1280x1024 pixels, 60° diagonal field of view and a refresh rate of 60 Hz.
Participants entered the train and were asked to remain on the train during the first stop, then disembark at the second stop. The journey time was approximately four minutes. Background noises were played using a Creative sound card, mimicking noises associated with a London Underground train ride (e.g., a 'mind the closing doors' announcement when the doors were closing, fragments of passenger conversation, background noise of the moving train). Participants wore a headset and could move through the virtual environment by walking and whole body turning.
Measures
2.3.1. The State Social Paranoia Scale (SSPS, Freeman et al., 2007) The SSPS, a 20-item self-report assessment measure of persecutory ideation, was used to assess thoughts about the virtual reality avatars. Each item is scored on a 5-point scale (Do not agree -Totally agree) and higher scores indicate greater levels of persecutory thinking. The scale has three sub-scales: virtual reality-persecution (10 items), virtual-reality neutral (5 items) and virtual-reality positive (5 items).
Only the persecution subscale items were used in the current study (e.g. 'Someone had it in for me', 'Someone stared at me in order to upset me', 'Someone was trying to isolate me', 'Someone was trying to make me distressed'). The VR-persecution subscale has been shown to have good convergent validity (r=0.55; p=0.002) and reliability (Cronbach's alpha =0.66) . Reliability in the current UHR sample was excellent (Cronbach's alpha = 0.96).
Prodromal Questionnaire (PQ, Loewy et al., 2005)
The PQ was used to assess prodromal or psychotic symptoms, and is a 92-item self-report screening measure developed for people at high clinical risk for psychosis. The PQ comprises four symptom subscales: 1) Positive symptoms (e.g. unusual thinking, perceptual abnormalities and cognitive disorganisation) (45 items),
2) Negative symptoms (e.g. flat affect and social isolation) (19 items), 3)
Disorganized symptoms (e.g. odd behaviour) (13 items) and 4) General symptoms (e.g. depression and role functioning) (15 items). Three PQ items specifically address the presence of paranoid ideation and suspiciousness (PQ25: ' I often feel that other people have it in for me' ; PQ68: ' I often pick up hidden threats or put-downs from what people say or do' ; PQ77: 'I'm often concerned that my closest friends, classmates or co-workers are not really loyal or trustworthy'). Consistent with previous research (Masillo et al. , 2012) , the sum of these three items (range 0-3) was used to characterise paranoid ideation/suspiciousness, and was used for the purpose of all subsequent statistical analysis. . ." and are followed by an item describing exposure to some form of mistreatment or difficulty (e.g., "a clerk or waiter ignored me"). This 34-item subscale was used for the purpose of statistical analysis.
Participants were asked to indicate how often they had ever "had these experiences during their lifetime," and each item was rated on 5-point Likert scale ranging from 1 (never happened) to 5 (happened very often).
The PEDQ-CV has good reliability (Cronbach's alpha > 0.87) (Brondolo et al., 2005 , Kwok et al., 2011 . There is also evidence of construct validity, with those reporting higher levels of exposure to discrimination also indicating that they felt more threatened (r = .43, p < 0.0001) and harmed (r =.46, p < 0.0001) by these experiences (Brondolo et al., 2005) . Reliability of the PEDQ-CV in the current sample was excellent (Cronbach's alpha = 0.97).
Statistical analysis
All statistical analyses were performed using the Statistical Package for Social Sciences version 21.0 (SPSS Inc., Chicago, USA; www.spss.com). Boxplots were used to determine departures from normality. Differences between groups were analysed using independent t-tests and Chi square tests as appropriate. Separate variance estimates were used when homogeneity of variance assumptions were not met. Bi-variate Pearson's correlations were carried out to explore the relationship between persecutory paranoid ideation in VR and PEDQ. Ordinal Logistic Regression (LOGIT) was used to explore baseline predictors (PEDQ and PQparanoia) of paranoid ideation in the VR environment. Based on the dataset, responses were grouped into four ordinal categories (corresponding to scores <10; 11-15; 16-25; >26) (Valmaggia et al., 2015) .
Results
3.1.
Participant characteristics Table 1 : Demographic characteristics of participants Table 1 shows the demographic characteristics of the sample. 64 UHR and 43 healthy controls took part in the study. There were no gender, age, migration status or ethnic differences between the two groups.
3.2.
Comparisons between the UHR group and healthy controls Table 2 . Group comparisons between UHR and healthy controls. Table 2 shows group comparisons on the main study variables -paranoia in VR, perceived ethnic discrimination and paranoid prodromal symptomatology.
Unsurprisingly, persecutory paranoid ideation in VR, as measured by the SSPS Persecution score, was significantly higher in the UHR group than in the HC group.
Paranoid prodromal symptomatology and perceived ethnic discrimination were both also significantly higher in the UHR group compared to HC.
Relationship between perceived ethnic discrimination and paranoid ideation
There was a significant positive correlation between PEDQ and persecutory paranoia in VR in the entire sample (r (104 ) = 0.25, p=0.009), that is higher levels of perceived ethnic discrimination were associated with greater paranoid persecutory ideation in VR. PEDQ and paranoid persecutory ideation in VR were not correlated in individuals at UHR (r (62) = 0.119, p=0.36) or in HCs (r (42) = 0.212, p=0.18).
3.4.
Relationship between perceived ethnic discrimination and paranoid paranoid prodromal symptomatology
There was a significant positive correlation between PEDQ and PQ-paranoia in the entire sample (r (103 ) = 0.42, p= >0.001), and in the UHR group (r (61 ) = 0.33, p= 0.009). PEDQ and PQ-paranoia were not correlated in HCs (r (42) = 0.09, p=0.56).
Predictors of paranoid ideation in VR
PEDQ and PQ-paranoia were entered together in the logistic regression analysis, with paranoid ideation in VR as the dependent variable. PEDQ was not a significant predictor of paranoid ideation in VR in the total sample with an odds ratio of 0.009 (95% CI, -0.006 to 0.03; Wald χ 2 (1) = 1.33; p= 0.25) or in the UHR group (odds ratio of 0.001; 95% CI, -0.02 to 0.02; Wald χ 2 (1) = 0.004; p= 0.95).
Persecutory paranoid ideation in VR was predicted by scores on the PQ-paranoia in the whole sample with an odds ratio of 0.66 (95% CI, 0.31 to 1.00; Wald χ 2 (1) = 14.10; p= <0.001) and the UHR group (odds ratio of 0.63; 95% CI, 0.22 to 1.04;
Wald χ 2 (1) = 9.2; p= 0.002). In HCs, PEDQ was found to be predictive of paranoid ideation in VR (odds ratio of 0.046; 95% CI, 0.000 to 0.092; Wald χ 2 (1) = 3.866; p= 0.049).
Discussion
Our study found higher levels of perceived ethnic discrimination in individuals with UHR compared to healthy controls. Perceived ethnic discrimination and paranoid ideation in VR were correlated across the entire sample. The higher rates of exposure to perceived ethnic discrimination in the UHR group are broadly consistent with studies reporting increased prevalence rates of discriminatory experiences in people with psychosis (Corker et al., 2014; Farrelly et al., 2014; Morgan and Fisher, 2007; Saleem et al., 2014; Veling, 2013; Veling et al., 2008) , as well as studies showing associations between adversity and psychotic symptoms or disorder in general population samples (Bebbington et al., 2004; Janssen et al., 2004; Spauwen et al., 2006; Whitfield et al., 2005; Wicks et al., 2005) .
Our study did not find a relationship between perceived ethnic discrimination and persecutory paranoid ideation specifically in individuals at UHR of psychosis, nor did it find that perceived ethnic discrimination was a predictor of persecutory paranoid ideation in VR. However, we did observe that perceived ethnic discrimination predicted persecutory paranoid ideation in VR amongst HCs, which suggests that perceived ethnic discrimination does indeed play a role in the development of persecutory paranoia independent of positive prodromal symptomatology. Although perceived ethnic discrimination was not predictive of persecutory paranoia in VR amongst the UHR group, the findings in the HCs highlights the relationship between perceived ethnic discriminatory adversity and the development of attenuated psychosis symptoms such as paranoia, thus illustrating the importance of understanding the effects of discriminatory experiences and their complex causal mechanisms on positive symptoms of psychosis. There are a breadth of environmental and psychosocial stressors that influence the development of psychosis and perceived discrimination, such as age, sex, appearance, sexual orientation, or handicap, which have been shown to similarly increase delusional ideation (Janssen et al., 2003) , therefore perceived discrimination in general might increase vulnerability to positive symptoms such as paranoid ideation.
These findings might indirectly lend support to recent evidence by suggesting that the link between perceived discrimination and elevated rates of mental disorder can be explained by transdiagnostic factors related to higher perceived levels of discrimination (Rodriguez-Seijas et al., 2015) , and the cumulative effect of stressful life experiences may play a role in the expression of positive symptoms consistent with the stress-sensitization model (Myin-Germeys and van Os, 2007; van Winkel et al., 2008) . It is suggested that perceived ethnic discrimination increases general vulnerability to transdiagnostic factors such as 'worry' and 'anxiety', which might indirectly contribute to the development of attenuated psychotic symptoms.
Therefore, the combination of attenuated symptoms with the presence of other biopsychosocial stressors, such as genetic predisposition, adverse life events, emotional dysregulation, substance misuse and cognitive deficits, could contribute to the development of paranoid ideation, which can be captured experimentally via VR.
Future work could investigate any cumulative effect of other forms of discrimination and adversity and the tendency for paranoid ideation in the VR environment, as well as the relation between adverse experiences and neurobiological abnormalities in the emergence of psychotic symptoms. Future research exploring how transdiagnostic factors and co-morbid symptoms mediate the relationship between discrimination/adversity and paranoid ideation in individuals at UHR using the VR environment will help to understand the aetiology and onset of persecutory paranoid ideation in a neutral environment. In addition, VR has great potential as a therapeutic tool to enable individuals to test out their fears and challenge their thought processes in a safe environment.
The elevated rates of exposure to perceived ethnic discrimination in the present UHR sample supports current cognitive models, which propose that adverse psychosocial experiences contribute to the development of a cognitive vulnerability to psychosis and lead to negative schematic beliefs about self and others (Garety et al., 2001) . The findings are also consistent with recent evidence demonstrating links between negative schemas with both higher levels of perceived discrimination (Saleem et al., 2014) , and prodromal symptoms (Morrison et al., 2006) in UHR groups. Future research might usefully investigate the possible psychological and social processes associated with discriminatory experiences, and how these contribute to the development of psychosis vulnerability. The question of how perceived discrimination might relate to the development of negative schematic beliefs and the cognitive biases associated with the tendency to appraise anomalous experiences using a paranoid attributional style is of particular interest.
Acknowledging that psychosocial factors such as perceived ethnic discrimination result in hostile attributions regarding the intentions of other people and increased awareness of potentially threatening behaviour in others, which could render individuals more prone to suspiciousness and paranoia (Bentall et al., 2001) , and that PQ does predict persecutory paranoia in VR. This might be due to PQ and perceived ethnic discrimination being positively correlated in this study, therefore, larger samples will be required to tease out the influence of perceived ethnic discrimination on persecutory paranoia in VR. This perhaps highlights a key issue in defining the distinguishing characteristics of persecutory paranoid ideation in the UHR group, which is heterogeneous in nature, and is likely to include a mix of those with true prodromal schizophrenia, affective psychosis and other psychiatric disorders, individuals who are on the psychotic spectrum but have a favourable outcome, and the majority of individuals who will never develop the illness.
Furthermore, it is possible that perceived ethnic discrimination might be more prevalent in ethnic minority groups and studies have shown that incidence of schizophrenia and other psychotic disorders are higher in these populations (Fearon et al., 2006) , however, context-specific stressful environmental factors influence specific symptom patterns and severity (Berg et al., 2011) . In the UK, the risk for developing psychosis in African-Caribbean's is much higher than for South Asians (Fearon et al., 2006) who are likely to experience a higher degree of discrimination (Karlsen et al., 2005) . Ethnic minority groups are known to differ in terms of their stigmatised status in society. The current study includes a sample from South London which has a high percentage of African-Caribbean's ("Southwark JSNA Executive Summary, 2011") and thus their non-minority status within the specific region might have contributed to their overall perception of discrimination. Other geographical regions might be more likely to have higher rates of perceived discrimination amongst ethnic minorities.
Additionally, a number of factors affect the generalizability of the findings.
For example, a convenience sampling method was used, which consisted of individuals at risk who were help-seeking, and may therefore not be representative of all people in the general population who are at risk. It is also plausible that individuals with very high levels of perceived ethnic discrimination might be resistant to seeking help as they are more likely to be worried about stigma and further discriminatory experiences. Finally, we did not consider the potential confounding impact of co-morbid diagnoses, which are often found in people at high risk of developing psychosis (Haroun et al., 2006; Yung et al., 2004) , and perceived discrimination has been linked particularly to depression and anxiety (Ikram et al., 2015; Kessler et al., 1999; Miranda et al., 2013) . Future research might also usefully examine the specificity of the effect by employing a clinical control group and controlling for any effects of co-morbid diagnoses.
Conclusions
We found that perceived ethnic discrimination was higher in individuals in the UHR group compared with HCs. Perceived ethnic discrimination also appeared to play a role in the development of persecutory paranoid ideation observed in VR across the whole sample and in HCs. These findings highlight the potential utility of exploring how an individual's perception of adverse experience might relate to how they develop attenuated psychotic features and respond to current perceived threat and paranoid ideation. 
